Macrophage foam cells are critical mediators in atherosclerosis plaque development. A better understanding of the in vivo transcript profile of foam cells during the formation and progression of lesions may lead to novel therapeutic interventions. Toward this goal, we demonstrate for the first time that foam cell-specific RNA can be purified from atherosclerotic arteries, a tissue of mixed cellular composition. Foam cells from apolipoprotein (apo) E -/-mice were isolated by laser capture microdissection (LCM); RNA was extracted and used for molecular analysis by real-time quantitative polymerase chain reaction. Compared to whole tissue, a significant enrichment of foam cell-specific RNA transcripts was achieved. Furthermore, to test the ability to quantify differences in gene expression in response to an inflammatory stimulus, apoE -/ -mice were injected with lipopolysaccharide, after which the transcriptional induction of the inflammatory mediators, VCAM, ICAM, and MCP-1, was observed in lesional macrophage foam cell RNA. These approaches will facilitate the study of macrophage gene expression under various conditions of plaque formation, regression, and response to genetic and environmental perturbations.
Introduction
Macrophage foam cells are critical in the development of atherosclerosis (1-3). Therefore, a better understanding of the gene expression changes in foam cells during disease progression and regression has become an important goal in order to develop potential therapies and interventions (4-6). However, the study of macrophage foam cell gene expression in arterial lesions is hampered by the cellular heterogeneity of arterial tissue, which, besides macrophages, also contains lymphocytes, smooth muscle cells, endothelial cells, and adven-titial fibroblasts. To overcome these technical obstacles, we describe here a method for the use of laser capture microdissection (LCM) (7,8) to selectively procure macrophage foam cells from arterial lesions (identified by the macrophage-specific marker, CD68/Macrosialin (9,10). RNA extracted from the laser captured foam cell material was used to quantify, by real-time quantitative reverse transcriptase polymerase chain reaction (RT-PCR), the degree of enrichment and to measure the induction of specific transcripts in response to an inflammatory stimulus. These methods make possible the quantitative analysis of gene expression in macrophage foam cells and add a powerful dimension to the study of atherosclerosis. 
Methods

Animals and Tissue Processing
All reagents were maintained under RNase-free sterile conditions. Apolipoprotein E -/-mice, a standard model of human atherosclerosis, were fed a standard chow diet for 20 wk. Mice were sacrificed by exsanguination (under general anesthesia with isoflurane) by intravascular perfusion with phosphatebuffered saline (PBS). The thorax was opened and a 21-gage cannula inserted to the left ventricle. The right atrium was incised to allow efflux of blood. Perfusion was at physiological pressure (100 mmHg) with PBS. The heart and aorta were removed en bloc. The heart was transected at the lower poles of the atria and perpendicular to them. This plane is parallel to that of the aortic valve. The upper half of the heart (containing the atria) was placed in an embedding mold filled with OCT cryoembedding medium, which was allowed to infiltrate the cavity of the heart. The heart was positioned flat with the cut surface on the bottom of the embedding mold. The embedding mold was filled with OCT and frozen on dry ice. The specimens are stored at -80°C.
Tissue blocks were sectioned (6 μm thickness) and mounted on positively charged Color Frost Plus slides. To demonstrate that gene expression changes can be detected by LCM and real-time RT-PCR, two additional groups of mice were administered either an intraperitoneal injection of the bacterial endotoxin lipopolysaccharide (LPS) (100 μg) or vehicle only and, ~4 h after treatment, the proximal aortas were processed for each mouse as described above.
CD68 Immunodetection of Macrophages for LCM
Standard immunohistochemical staining protocols usually require prolonged incubation periods in aqueous media, which results in significant degradation of RNA. To overcome this limitation, a modified rapid immunostaining protocol was developed for macrophage-specific CD68/macrosialin that does not significantly affect RNA yields (<12% reduction of total RNA in immunostained vs nonimmunostained whole tissue sections) (11). 
LCM and RNA Extraction
Laser capture was performed under direct microscopic visualization on the CD68-positively stained areas by melting of selected regions onto a thermoplastic film mounted on optically transparent LCM caps (Fig. 1) . The PixCell II LCM System was set to the following parameters: 15 μm laser spot size, 40 mW power, 3.0 ms duration. 
Analysis of Macrophage Foam Cell Gene Expression by Real-Time Quantitative RT-PCR
Real-time quantitative RT-PCR is a very sensitive method that allows for measurements of low-abundance transcripts and, unlike Northern or RNase protection assays, requires only a very small amount of total RNA (typically 100 pg-1 ng) (for a comprehensive review, see ref. 12) We have previously used real-time quantitative RT-PCR to demonstrate the following: (1) the selective enrichment from arterial tissue of lesional macrophage RNA by LCM (Fig. 2C,D) and (2) the induction of inflammatory genes in lesional macrophage cells upon stimulation with an inflammatory stimulus (described in ref.
13; see Note 4).
Notes
1. We have observed that addition of the SuperaseIn RNase inhibitor to the alkaline phophatase enzyme completely inhibits the reaction and does not produce any visible staining. Hence, the RNase inhibitor should not be added at this step. 2. It is important that the alcohols and the xylenes be prepared fresh and not be reused since insufficient dehydration will dramatically affect the ability to perform successful LCM. 3. RNA extraction of the laser captured material yielded 3.5 ng from 30 6-μm-thick sections, equivalent to volume of 1.35 × 10 6 μm 3 of CD68 + immunostaining. 4. To test whether RNA derived by LCM of macrophage foam cells can be utilized to quantitatively assess the transcriptional regulation of target genes implicated in atherosclerosis, laser captured lesional macrophage RNA from proximal aortas of LPS and control stimulated apolipoprotein E -/-mice were used to measure the levels of the following genes: vascular cell adhesion molecule-1 (VCAM-1), intercellular adhesion molecule-1 (ICAM-1), and monocyte chemoattractant-1 (MCP-1) (see Table 2 ). 5. The probe, labeled at the 5' and 3' ends with 6-carboxyfluorescein (6-FAM) reporter and tetramethyl-6-carboxyrhodamine (TAMRA) quencher, respectively, is hydrolyzed by the 5' exonuclease activity of Taq DNA polymerase, causing an increase in fluorescent signal that is measured in "real-time" after each cycle of PCR amplification. Standard curves were constructed by plotting log 10 RNA starting quantity vs cycle threshold ( Fig. 2A) . On the basis of appropriate serially diluted standard RNA, the amount of input standard RNA yielding the same amount of PCR product measured from an unknown sample was calculated. Real-time quantitative RT-PCR measurements (normalized to the control gene cyclophilin A) of RNA derived from LCM-isolated lesional macrophages from control and LPS-treated apoliprotein E -/-animals are given as a mean (range) calculated from two animals per treatment condition.
